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Lean meat is the main ingredient of a sausage and therefore the mineral composition of a raw sausage it is closely related to the meat content. Meat is considered as a significant dietary source of several minerals, specifically highly-available Fe and Zn (Hazell, 1982; McAfee et al., 2010) . The mineral content of meat is rather stable under conditions of normal supply (average mineral composition of raw lean pork is shown in Table 1 ); however, this depends on pre-mortem factors such as animal genetic, physiological and environmental, e.g., age and feeding (Jiménez-Colmenero et al., 2006) , and post-mortem factors such as meat cuts, meat processing and preparation (Jiménez-Colmenero et al., 2010; LombardiBoccia et al., 2005) . Fat is the second ingredient in importance of sausages. Conversely, compared to meat, the contribution of fat to the mineral content of a sausage is poor due to the relatively low mineral content in fat or fatty tissues (Table 1) . Regarding the non-meat ingredients, common salt is the major source of Na in sausages. Apart from Na, common salt contains other minerals but at trace levels (Table 1) . Nevertheless, common salt can be a notorious source of Mg or Ca because these mineral salts are on occasion added to common salt as anti-caking agents at the food industry level. Dry Capsicum spp. fruits (in paste or powdered form) are extensively used in Latin American and also Iberian raw sausages. The amount usually added in chorizos is approximately 2-3% of the weight of the initial mixture of sausage. An addition of dry capsicum fruits at that amount represents an appreciable source of some mineral elements, i.e., Mg, Ca, Fe and Mn, in sausage mixtures (Aguirrezábal et al., 1998; Fonseca et al., 2011) . Textured soy flour is used as filler or meat extender in a large variety of commercially prepared meat products. The use of soy-derived ingredients results in increased yields and lower cost of production (Hoogenkamp, 2008) . The amount of soy flour added to those meat products range from 2 to 10% (Rocha McGuire, 2008) . In Mexico, the use of textured soy flour in raw sausages is common, particularly in low-cost sausages commercialized in wholesale markets (Personal communication: technical personnel, Fabpsa Corporation, www.fabpsa.com.mx) . In accordance with the mineral content of textured soy flour (Table 1) and the amount used, the contribution of this ingredient to the levels of some minerals, i.e., Ca, Mg, Cu and Mn, in raw sausages appears to be relevant. Finally, the additives commonly used for commercial fresh sausages (Feiner, 2006) , such as antioxidants (erythorbate or ascorbate), preservatives (nitrite, sorbate) or others (phosphates, etc.) provide Na, P and K to the raw sausages. As far as the authors are aware, there is great interest about the usefulness of mineral content analysis in meat industry. Apart from nutritive and safety issues, to assessing the differences in minerals between sausages from different qualities could reflect fraudulent manufacturing practices. The aim of the present study is therefore to determine the mineral composition of a popular Latin American raw sausage (Mexican chorizo) using ICP-AES, and to compare the mineral contents between sausages made using traditional and those made using non-traditional making processes in order to explore differences between both groups regarding nutritive value and discrimination purposes.
Material and methods

Samples and sampling procedure
Forty sausages belonging to two different groups (twenty per group) were used in the present study. One group consisted of Mexican chorizos elaborated in a traditional manner by small-sized producers (traditional sausages) and the other was comprised of massproduced commercial Mexican chorizos (non-traditional sausages).
Ten samples of sausages from the first group were purchased from randomly-chosen butcheries in the Hidalgo State largest cities: Tulancingo and Pachuca (approximately 150 and 300 thousands inhabitants, respectively). The sausages from this type were locally produced by the butchers. The other ten traditional sausages sampled were purchased from rural street markets in ten randomly-chosen small villages (5 to 20 thousands inhabitants) in Hidalgo State (one sample per village). These were homemade sausages which were produced by local small-sized farmers.
On the other hand, ten out of the twenty samples of the non-traditional sausages were purchased from supermarkets at Tulancingo and Pachuca cities. These sausages were manufactured by nationwide companies and were characterised by their long shelf life. The other ten samples were purchased from wholesale large-city markets in Tulancingo, Pachuca and Mexico City. The sausages were manufactured by ten different medium-sized companies to be sold at low price. All sausage samples weighted about 1 kg each. Once taken, samples were immediately transported to the laboratory in Tulancingo, where they were first blended in a domestic food processor and then frozen and stored at -18 ºC until further analysis. The analysis of mineral composition of sausages was performed by ICP-AES on wet digested samples. Duplicate aliquots of approximately 1 g (±0.01) of the previously homogenised samples were digested with 10 ml of concentrated HNO 3 in tightly closed screw cap glass tubes for 16 h at room temperature, and then for a further 4 h at 90 •C. For the analysis of sodium, potassium and phosphorus, 1 ml of the mineralised solution was added with 8 ml of deionised water and 1 ml of scandium solution as internal standard. In order to determine the levels of calcium, copper, iron, magnesium, and zinc, 3 ml of the digested solution was added with 6 ml of deionised water and 1 ml of Sc solution.
Chemical analysis
The instrumental analysis was performed with a Optima 2000 DV ICP optical emission spectrometer (PerkinElmer, Waltham, MA, USA). Instrument operating conditions were: radiofrequency power, 1400 W; plasma gas flow, 15.0 l/min; auxiliary gas flow, 0.2 l/min; nebulizer gas flow 0.75 l/min, crossed flow; standard axial torch with 2.0 mm i.d. injector of silica; peristaltic pump flow, 1 ml/min; no. of replicates, 2. The spectrometer was calibrated for Cu, Mn, Zn, Fe, Ca and Mg determinations (at 224.7, 257.61, 213.9, 238.2, 393.4 and 279.6 nm, respectively) with nitric acid/water (1:1, v/v) standard solutions of 2, 5 and 10 ppm of each element, and for Na, P and K (at 589.6, 213.6 and 766.5, respectively) with nitric acid/water (1:9, v/v) standard solutions of 30, 50 and 100 ppm, respectively.
Statistical analysis
A one-way analysis of variance was performed; the values obtained for each variable (moisture, fat, protein, ash or mineral elements) on all fresh weight (FW), dry matter (DM) and nonfat dry matter (NFDM) basis were compared between groups (traditional and nontraditional) and types (as function of the place where the sausages were purchased from) of sausages. Moreover, linear correlation coefficients were calculated to describe the degree of correlation between each variable (only values expressed on DM basis were considered). A principal component (PC) analysis, unrotated method, was also performed to obtain a better perception of differences in mineral composition between the groups and types of sausages.
In the PC-analysis model the contents of the mineral elements determined, except for Cu, were included. The software STATISTICA for Windows (StatSoft Inc., 2001 ) was used for the statistical treatment of data.
Results and discussion
Proximate composition
The proximate composition of the sausages studied on all FW, DM, and NFDM basis is shown in Table 2 . Mean values are given for the traditional (Trad) and non-traditional (NonTrad) sausages and for the individual types of sausages samples: Btch, traditional sausages from butcheries; RuSM, traditional sausages from rural street markets; Smkt, non-traditional sausages from supermarkets; WhCM, non-traditional sausages from wholesale city markets. The Table also shows the level of significance (P-level: NS, not significant; *, P<0.05; **, P<0.01 and ***, P<0.001) of the analysis of variance, and the standard error of the mean (SEM). Significant differences between types of sausages (Duncan-test, P<0.05) are marked with different superscripts. Carbohydrate content was calculated by difference. Most of the sausages can be assigned to the category of semidry sausages according to the scheme proposed by Adams (1986) , because their humidity content was inside or near the range of 40 to 50%. According to that author, weight (drying) losses for this type of sausages are estimated to be between 10 and 20%. The variability observed within each group of sausage (as assessed by standard deviations) was high. This could be mainly attributed to large variations among samples in the amount of fat used in the sausage making process and the degree of sausage drying. In spite of the variability, statistical differences (P<0.05) in the proximate composition between sausage groups were observed. Traditional sausages had lower ash and carbohydrate (calculated by difference) contents than the non-traditional ones. Furthermore, protein content on DM and NFDM basis were higher in traditional than in non-traditional sausages. Table 2 . Proximate composition (g/100 g) of traditional and non-traditional sausages, and of types of sausages as a function of the places where they were purchased from Differences in ash content, assuming that common salt is the principal source of ash in sausages, are indicative of higher amounts of common salt being used in non-traditional than in traditional sausages. The amount of carbohydrate (which include lactate formed by lactic acid fermentation) found in traditional sausages (around 2-3% on FW basis) was the expected for a conventional fermented sausage, i.e., Polish sausage or summer sausage (USDA, 2010). However, the amount found in non-traditional sausages (6% on FW basis) was higher. This increase must be the result of the inclusion of hydrocolloids (gums, starches, dextrins) or other fillers in the formulations of this group of sausages (Personal communication: technical personnel, Fabpsa Corporation). Finally, the higher proportion of protein found in traditional sausages on both DM and NFDM basis is related to a higher proportion of lean meat used in this group compared to the non-traditional sausages. Lean meat is the main ingredient in sausage formulations and has a protein content relatively high, of approximately 65% of DM (USDA, 2010).
Mineral composition
Mineral composition, expressed as mg per 100 g on all FW, DM and NFDM basis is reported in Table 3 . This Table shows the results found for the two groups of sausages: Traditional (Trad) and non-traditional (Non-Trad); and for the four types of sausages: Btch, traditional sausages from butcheries; RuSM, traditional sausages from rural street markets; Smkt, nontraditional sausages from supermarkets; WhCM, non-traditional sausages from wholesale city markets. The Table also There were statistically significant differences between both groups of sausages for practically all the minerals studied (all except for K). These differences could be attributed to variations in the ingredients and additives used, and in the dryness level of sausage samples. From the nutritional value point of view -minerals are essential nutrients -, FWbasis data provide useful information to what consumers are eating. On the other hand, DM-and NFDM-basis results could be related to type and amount of meat and non-meat ingredients and additives used in the making process and hence could be useful for sausage characterization and discrimination purposes.
Trad n=20 Table 3 . Mineral content (mg/100 g) of traditional (Trad) and non-traditional (Non-Trad) sausages, and of types of sausages as a function of the places where they were purchased from (-: value under the detection limit; 0.1 mg/100 g)
In the sausages studied, considering the results expressed on FW basis, traditional sausages contained higher amounts of Fe and Zn, which are the mineral micronutrients most significantly related to the benefits to health of meat consumption (McAfee et al., 2010) . On the contrary, non-traditional sausages presented higher Na, P, Ca and Mg levels than traditional ones. The increased levels of Na and P in the non-traditional sausages are not considered as advantageous. Excessive intak e o f N a d e r i v e d f r o m m e a t p r o d u c t s consumption, and of P from the consumption of phosphate-added meat products have been linked to health risks: hypertension-derived pathologies and anomalous bone metabolism, respectively (Calvo & Park, 1996; Ruusunen and Poulanne, 2005) . Having into account the results expressed on DM basis, the concentrations of the mineral elements detected in the Mexican sausages (Mexican chorizos) were generally into de range of values reported for other chorizos from Latin America and Spain ( As shown in Table 3 , non-traditional sausages had higher levels (on DM basis) of Na and Ca and lower of Zn and Fe than the traditional counterparts. When results were expressed on a NFDM basis, the differences between both groups were more pronounced than when results were expressed on DM. This is because there was considerable variation in the fat content of sausages, and mathematically removing the fat from the dry sausage eliminates the fat dilution effect on mineral contents -fat is the ingredient with lower mineral content. Thus, differences between traditional and non-traditional sausages when results being expressed as NFDM, were detected for all the mineral elements except for K. Non-traditional sausages www.intechopen.com
Comparative Assessment of the Mineral Content of a Latin American Raw Sausage Made by Traditional or Non-Traditional Processes 175 had higher amounts of Na, P, Ca and Mg and lower of Zn and Fe than traditional sausagesdifferences in Na and Zn being the more statistically significant (P<0.001; Table 3 ). Differences between the two groups of sausages regarding Na content can be explained considering that higher salt amounts are usually used in non-traditional making processes. A similar trend to that of Na was observed for P concentrations. Physiological P of animal tissues is a constituent of protein structures, and its concentration in meat products may be estimated from the concentration of protein. P to protein content ratio has been estimated as approximately 0.01 for pork (Tyszkiewicz et al., 2001) . Consequently, the ratio found in traditional sausages was 0.010 (0.011 in sausages purchased from butcheries and 0.009 in those purchased from rural street markets; data not shown in Tables). However, the mean ratio in non-traditional sausages was 0.016 in the sausages from supermarkets and 0.017 in those from wholesale city markets. The addition of phosphates and textured soy flour (a non-meat proteinaceous ingredient with high P content), that are frequently used in commercial sausage making (Feiner, 2006; Personal communication: technical personnel, Fabpsa Corporation) , could be responsible for the higher P concentrations in non-traditional sausages. The phosphate addition to meat products is regulated by national and international standards, for example, USDA-FSIS (2007), EC (1995) , or the Codex Alimentarius (2009). As an illustration, the maximum level of addition of phosphates, as established by the European Union (EC, 1995) , is 5 g/kg (expressed as P 2 O 5 ). With respect to the textured soy flour, its P to protein ratio is higher than that of meat and has been calculated to be 0.015 (USDA, 2010). The concentrations of Ca and Mg were also higher in non-traditional sausages and among them those from wholesale city markets (sausages commercialized at the lowest cost) contained the higher amounts. Those increased concentrations could be related to the use of the following ingredients: mechanically recovered meat (residual meat recovered using mechanical equipment from animal bones), texture soy flour and/or mineral fillers. Mechanical recovered meat is cheaper than convectional meat and, thus, its use in sausages is aimed to decrease production costs. Mechanically recovered meat has higher Ca content than the conventional manually deboned meat, from 40 to 500 mg depending on the raw matter and equipment used (Newman, 1981; USDA, 2010) . Texture soy flour (compared to meat) can be considered as a relatively Ca-and Mg-rich ingredient (Table 3) . Finally, mineral fillers such as Hubersorb (Akrochem, Akron, OH, USA) are included in some of the formulations commercialised for sausages (Personal communication: technical personnel, Fabpsa Corporation). That filler (Hubersorb) contains Ca silicate at a large proportion and it is used in sausages for its high absorbency properties. On the contrary, levels of Zn and Fe were higher in traditional sausages than in nontraditional ones. This could be the result of a higher proportion of lean used and additionally the use of meat from older animals (with higher Fe content) for the first group of sausages. Fe content was especially high in sausages from rural street markets. This finding can be related not only to the age of animals but also to the feasible migration of Fe ions to meat and sausage mixture from the surfaces of cast iron equipment, i.e., pans, mincers (Quintaes et al., 2004) , which are frequently present at small homemade sausage producing facilities in small villages. In spite of the lower amounts of Fe found in nontraditional sausages, the Fe concentration in sausages from wholesale city markets was comparable to that of traditional sausages. This could be indicative of the use of mechanically recovered meat, which contains higher amounts of Fe, approximately twice higher, than manually deboned meat (Newman, 1981) . two groups of sausages were as follows: fat content was inversely correlated with protein and ash contents and with some of the mineral elements studied, namely K and P. As said before, fat has relatively low mineral content, therefore, the more the fat proportion is, the lower the mineral content will be. Conversely, protein was positively correlated with ash and with K, P and Zn; and ash was positively correlated with several minerals but mainly with Na. Furthermore, K was positively correlated with P, and Ca with Mg. The comparison of coefficients between each group of sausages can be useful for a better understanding of the group-related differences found as described above. The correlation coefficient between protein and fat in non-traditional sausages was lower than that in traditional sausages. This denotes that in some of non-traditional sausages carbohydrate sources or mineral fillers were used. Moreover, lower correlation coefficients were detected between protein and both Zn and Fe (which appeared to be mineral elements mainly provided by meat to sausages) and between K and all P, Ca, Mg, Zn and Fe in nontraditional sausages, with respect to the traditional sausages. This leads to the suggestion that proteinaceous non-meat ingredients were used in a number of non-traditional sausages. The really high coefficient (0.92) between Na and ash observed in non-traditional sausages indicates that Na exerted a heavy significant weight on ash content for sausages of this group, and that ash explained a great part of ash-content variance. Finally, the higher correlations found between Na and P in non-traditional sausages could be partially explained by the use of phosphates as additives, which contain it their molecules not only of P but also of Na (Fonseca et al., 2011) . Results of PC analysis are shown in Table 6 and Figs. 1 to 3. PC analysis was carried out for all FW-, DM-and NFDM-basis data. Table 6 shows the factor loadings and cumulative variance explained by PC1 and PC2. The first PC accounted for a variance from 36 to 43% and the sum of both PCs from 61 to 66%. In absolute values, the elements with higher loading scores (>0.7) for PC1 were Na, K, P and Mg using data on FW basis; K, P, Mg using data on DM basis; and Ca and Mg using data on NFDM. For PC2, Zn and Fe were the elements showing higher loading scores using all FW, DM and NFDM basis data. Table 6 . Loading scores and cumulative variance explained for the two principal components (PC1 and PC2)
Correlations and principal component analysis
Figs. 1, 2 and 3, obtained from FW, DM and NFDM results, respectively, show that samples from each group of sausage are located in two defined sets of results. Among them, the neatest separation between traditional and non-traditional samples can be observed in the plot of NFDM results (Fig. 3) , where moisture and fat effect in mineral concentrations were avoided by mathematically removing those components. Thus, following the NFDM results, PC1 seemed to relate to the use of ingredients comparatively rich (with respect to meat) in Ca and Mg such as textured soy, mechanically recovered meat and PC2 with the proportion of lean meat, which is relatively rich in Zn and Fe. 
Conclusion
The nutritional composition (the proximate composition and mineral content, in the case of this study) of mass-produced commercial raw sausages (non-traditional) undertakes changes by reason of variations in meat and non-meat ingredients and additives used with respect to the traditional production manners. Differences in ash content and in the concentrations of most of the mineral elements studied were found between traditional and non-traditional sausages. Among those, Na and Zn had the highest statistical significance. Those changes in mineral composition can represent a disadvantage regarding nutritive value of sausages associated with lower Zn and Fe contents and higher Na and P higher in non-traditional than in mass-produced commercial sausages. Differences between traditional and non-traditional sausages are presumably due to the use of textured soy flour, mechanically recovered meat, and higher amounts of common salt in non-traditional sausages, and, conversely, higher proportion of lean meat in traditional sausages. Determination of mineral content of raw-semidry or fresh sausages could be useful for sausage characterization purposes. Moreover, mineral content analysis performed by inductively coupled plasma atomic emission spectroscopy together with multivariate statistical analysis (chemometrics) seems to be a useful tool for discrimination purposes regarding the control of sausage authenticity (traditional vs non-traditional sausages) -with the term traditional being used for sausages made with lean and fat, salt and spices and eventually sodium nitrite, if appropriate. It seems more appreciate to conduct the multivariate analysis with the data expressed on nonfat dry matter. In order to complete this study, further research would be needed to a) determine the mineral composition of raw-semidry or fresh sausages from other regions and countries and
